I . The effect of saccharin and cyclamate on growth of young rats fed on a poor rice diet or a balanced diet was investigated.
Acute shortage of cane sugar and its increasing cost have forced many in India to use saccharin or cyclamate in their beverages and confections. The available information on the toxicity of these agents does not permit an accurate assessment of the possible harmful effects of the unrestricted consumption of artificial sweeteners by an already undernourished population. As a small beginning towards the acquisition of relevant information on the subject, the present study was undertaken to see whether saccharin or cyclamate affected the growth of rats raised on a multi-deficient diet simulating the composition and nutritional value of the average diet of a rice eater in India.
MATERIALS A N D METHODS
Animals. Albino rats from the colony of this Institute were used. Diets. The multi-deficient rice diet and the balanced synthetic diet were prepared as described in earlier reports (Krishna Murti & Subrahmanyan, 1949; Sharma & Krishna Murti, 1966) .
Feeding experiments. Male and female weanlings (23-45 g in weight) were divided in equal numbers into two groups of thirty. Three subgroups of ten each were formed out of these two major divisions. The sweeteners were added to make up 0.01 yo of the dry weight of the diet during the first 4 weeks and 1.oy0 of the dry weight during the rest of the 4-week period. The animals were housed in individual cages; they were fed ad lib. and weighed at weekly intervals. Food left uneaten was weighed. At the * Communication N. 1250 from the Central Drug Research Institute, Lucknow, India. end of the experiment the animals were decapitated and their tissues were excised and collected in chilled normal saline. Portions of the tissues were fixed for pathological examination and the rest used for enzymic studies. Induction of tryptophan oxygenase. Twenty-four adult rats (160-175 gin weight) were starved overnight and fed L-tryptophan ( I mg/g body-weight) either intraperitoneally or by intubation, one group receiving in addition by the same mode of administration the sweetener (~o m g / g body-weight). Three rats in the group receiving only Ltryptophan, the inducer, served as controls for determining the basal level of enzymes before and after induction. All the animals received a second dose of L-tryptophan 4 h after the beginning of the experiment. The animals were killed 8 h after the first dose of L-tryptophan.
Action on liver mitochondria. Fresh rat liver mitochondria prepared according to Schneider & Hogeboom (1950) were dispersed at a concentration of 30 mg proteinlml in a medium containing 250 miv-sucrose and 66 mM-phosphate buffer (pH 7.2) and incubated with the required amount of the sweetener for 30 min at 37O. The suspensions were used as such for the assay of succinate dehydrogenase.
Enzyme assays. The methods were : for succinate dehydrogenase (succinate : (acceptor) oxido-reductase, EC I .3.99. I ) that of Srikantan & Krishna Murti (1955) , for xanthine oxidase (xanthine: oxygen oxido-reductase, EC I ,2,3,2) that of Litwack, Bothwell, Williams & Elvehjem (1953) , and for tryptophan oxygenase (tryptophan oxygen oxido-reductase, EC I . 13. I . 12) that of Knox (1955) . Protein was determined colorimetrically according to Lowry, Farr & Randall (195 I ) with bovine plasma albumin as standard.
R E S U L T S
Growth. The results summarized in Table I show that both saccharin and cyclamate depressed the growth rate of the animals throughout the period during which they consumed the poor rice diet, the differences in weight gain between the groups receiving and those not receiving the sweeteners being statistically significant ( P < 0.01). In contrast, the sweeteners stimulated the growth rate of animals raised on the synthetic diet, the differences in weight gain between the groups receiving and not receiving the sweeteners becoming statistically significant towards the 7th and 8th weeks ( P < 0.05). There was no significant difference in the amount of food consumed by the animals on the poor rice diet whether they received the sweeteners or not. However, the food consumed by the animals on the synthetic diet was relatively more in the groups receiving the sweeteners than in the control group.
Histopathological examination. Apart from patchy congestive haemorrhage in the lungs and in the viscera (presumably due to the method of killing the animals before autopsy) and some granulomatous lesions in the liver and spleen in some samples, no pathological lesions were seen in sections of the control or experimental animals. The cells of the renal epithelium, liver, stomach and intestines showed no evidence of drug toxicity such as oedema, fatty changes or necrosis.
Liver xanthine oxidase. The effect of the generalized malnutrition to which the animals on the poor rice diet were exposed was reflected in a lowered liver xanthine oxidase activity. However, the differences in enzymic activity between the groups receiving and those not receiving the sweetenerswere not significant. The liver weights expressed as a percentage of body-weight showed some variation in the rats consuming the rice diet containing cyclamate as compared with the group not getting the sweetener. The differences in liver weight between the two groups, though significant, were Values of deviation from control significant at P < 0.05 for the last 4 weeks Values given are mean weight gain during the period and the single figure the mean of the standard deviations of all the periods studied. The figures in parentheses are the number of animals in each group.
Values of P were derived from an F test of the variability between the three treatments. 
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The numbers in parentheses are the standard errors. One unit of xanthine oxidase is the amount of enzyme required to oxidize I pmole xanthine in 60 min at 37'.
not correlated with any histological changes. As expected, the liver weight of rats on the poor rice diet was higher than that of animals on the balanced diet. The relevant results are summarized in Table 2 . Mitochondria1 succinate dehydrogenase. Results given in Table 3 show that both saccharin and cyclamate inhibited the enzyme. 
Induction of L-tryptophan oxygenase.
Results of induction experiments with groups of three rats are given in Table 4 . The basal level of the enzyme and the values after induction in each treatment showed wide :fluctuation. A tentative inference drawn from the study is that the induction pattern is not altered significantly when the sweetener is administered a1ong:with the inducer by the intraperitoneal route, although there is a tendency associated with the sweeteners, particularly, cyclamate, to lower the level of the induced enzyme when they were administered along with the inducer by intubation. before treatment did not warrant a detailed analysis with the three sets of values.
D I S C U S S I O N
The results of the present preliminary study reveal a growth-retarding action of both saccharin and cyclamate on young rats subsisting on a multi-deficient rice diet but not in those given a well-balanced diet. The inhibited growth of the animals on the rice diet as compared with that of the animals on the synthetic diet was reflected in the low liver xanthine oxidase activity of the former group in conformity with the well-known effect of low-protein diets to depress the level of liver xanthine oxidase. However, between the animals not receiving and those receiving the sweeteners there was no difference in enzyme activity. There was some indication that the liver weight of animals on the rice diet which also received cyclamate was greater at the time they were examined. This greater liver weight was not a result of a changed histopathological state since no untoward cytological changes were noted in the tissues of animals ingesting cyclamate.
The induction of microsomal enzymes leading to structural changes in the endoplasmic reticulum is now recognized as an important regulatory mechanism, and any effects of dietary additions on this mechanism must be examined carefully. The inhibition of tryptophan oxygenase induction by cyclamate, as revealed in the present study, needs to be investigated further, so as to determine whether cyclamate affects primary homoeostatic mechanism. Induction of microsomal enzymes is nature's device for disposing of drugs and agents foreign to the metabolism of the animal. The inhibitory action of cyclamate on tryptophan oxygenase assumes therefore an added significance. The inhibitory action of the sweeteners on mitochondria1 succinate dehydrogenase in vitro may also have related effects in vivo perhaps on oxidative phosphorylation.
The world-wide use of saccharin and cyclamate in soft drinks has shown a steady upward trend in recent years. While this development may not present health hazards to those consuming a nutritionally adequate diet, it would be wise to be wary of the generally held view that artificial sweeteners are completely free from side-effects. Salmon & Roe (1956) have reported an incriminating effect of saccharin in experimental skin tumour of the mouse, and Nees & Derse (1967) attributed to calcium cyclamate an interfering action in adrenal function, leading to growth retardation of the rat. These reports and the present study indicate that the safety of artificial sweeteners needs further examination.
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